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DEVELOPMENT  OF  A  PROTOTYPE  SYSTEM 
FOR  THE 

IMPULSE  CALIBRATION  OF  MICROPHONES 


David  L.  Mullendore 
Vice  President 
Dayton  Scientific  Inc. 
Dayton.  Ohio 


1.0  ABSTRACT 

Current  techniques  of  aicrophone  calibration  are  not  readily 
adapted  for  use  in  the  field  and  do  not  produce  data  on  both 
frequency  and  phase  characteristics.  A  new  technique  was 
investigated  for  calibrating  aicrophones  using  a  pressure 
iwpulse.  which  will  produce  calibration  of  both  amplitude  and 
phase  and  will  be  adaptable  to  field  use. 


2.0  INTRODUCTION 

This  Final  Report  describes  the  effort  performed  by  Dayton 
Scientific  Inc.  for  the  Structural  Dynamics  Branch  of  the 
Flight  Dynaaics  Laboratory.  Wr i ght - Patterson  Air  Force  Base, 
under  Air  Force  Contract  F33615-87-C-3220 .  The  Structural 
Dynaaics  Branch  aalntains  a  facility  that  provides  wlde-band 
dynaaic  data  acquisition  and  analysis  capability  to  support 
Structural  Dynaaics  Research  and  Developaent.  These 
endeavors  require  an  accurate,  portable,  and  siaple  procedure 
for  calibrating  aicrophones  and  pressure  transducers, 
especially  while  in  use  at  reaote  test  sites  during  field 
operations . 


3.0  STATEMENT  OF  THE  PROBLEM 

The  techniques  generally  used  to  obtain  the  aaplltude  and 
phase  versus  frequency  characteristics  of  aicrophones  and  low 
pressure  transducers  involve  considerable  tlae  and  require 
expensive  equipaent.  Conventional  calibration  aethods 
involve  perforaing  a  series  of  sine  sweeps  at  various 
aaplitudes  over  the  frequency  range  of  interest,  a  procedure 
that  is  generally  restricted  to  a  laboratory  environment. 
Calibration  of  aicrophones  at  a  test  site  is  currently 
performed  with  a  pistonphone  at  a  single  point/single  level, 
which  results  in  a  check  of  transducer  output  but  provides  no 
inforaation  concerning  the  transducers  frequency  or  phase 
response  . 


It  was  the  purpose  of  this  contractual  effort  to  develop  and 
validate  a  technique  of  aicrophone  calibration  which  would 
use  a  single  pressure  iapulse  as  the  input  to  a  aicrophone 
being  calibrated.  The  response  of  the  aicrophone  to  the 
pressure  iapulse  would  then  be  recorded  and  Fourier  Transfora 
techniques  used  to  deteraine  the  frequency  and  phase 
characteristics  of  the  aicrophone.  If  successful,  this 
technique  could  be  iapleaented  with  relatively  inexpensive 
hardware,  it  would  be  siaple  to  adapt  to  field  use,  and  the 
calibration  could  be  perforaed  quickly. 

The  priaary  quantitative  perforaance  goals  of  this  contract 
were  to  deaonstrate  a  prototype  Iapulse  Calibration  Unit 
aeeting  the  following  specifications: 

Bandwidth:  10  Hertz  to  5000  Hertz 

Accuracy:  +/-0.5  dB 

Amplitude  Range:  to  170  dB  Sound  Pressure 

Level  (SPL) 

Repeatability  of  Calibration:  <  +/-  0.5  dB  SPL 


4.0  DEVELOPMENT  PROGRAM 

4.1  Design  Evolution  of  the  Prototype  Iapulse  Calibration 
Hardware 

The  initial  work  on  which  this  contract  is  based  was 
conducted  by  the  Structural  Dynaaics  Branch  of  the  Flight 
Dynaalcs  Laboratory,  WPAFB.  Ohio.  The  general  approach  was 
to  create  a  pressure  iapulse  within  a  closed  cylinder,  into 
one  end  of  which  is  placed  the  aicrophone  to  be  calibrated. 
The  aicrophone  output,  in  response  to  the  iapulse  input,  is 
then  analyzed  using  transfora  techniques  to  obtain  the 
frequency  and  phase  response  of  the  aicrophone. 

In  the  early  stages  of  this  contract,  test  data  were  acquired 
from  the  fixture  using  the  force  iapulse  (aeasured  with  a 
force  transducer  integral  with  the  nodal  haaaer)  as  the  input 
function  and  the  aicrophone  pressure  pulse  (as  aeasured  with 
a  standard  aicrophone)  as  the  output  function.  Then  a 
transfer  function  was  calculated  based  on  the  aicrophone 
output  vs.  the  force  input.  It  was  found  that  the  resulting 
transfer  function  was  not  constant  but  rather  varied  as  a 
function  of  iapulse  aaplitude,  indicating  a  non-linear  systea 
response.  Therefore,  a  reference  aicrophone  having  known 
frequency  characteristics  was  also  placed  in  the  cylinder. 

The  reference  aicrophone  sees  the  saae  pressure  iapulse  as 
the  teat  aicrophone,  and  the  reference  aicrophone  output  aay 
then  be  used  to  correct  for  the  variations  in  the  systea 
transfer  function. 

In  the  Prototype  Iapulse  Calibration  unit,  the  pressure 
iapulse  is  created  by  striking  a  piston  which  occupies  one 
end  of  a  closed  cylindrical  cavity  having  a  very  saall 
voluae.  The  opposite  end  of  the  cylindrical  cavity  is  closed 
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by  a  flat  plate  on  Nhich  is  f lush-mounted  the  microphones. 
When  the  piston  is  struck  it  aoves  slightly  within  the 
cavity,  causing  the  cavity  voluae  to  decrease  and  the  cavity 
pressure  to  increase  rapidly. 

It  is  important  that  the  pressure  pulse  have  sufficient  high 
frequency  energy  content  to  permit  Fourier  Transform  analysis 
to  be  reliable  over  the  required  frequency  spectrum,  which 
includes  the  range  from  10  Hz.  to  5  kilohertz.  The  pressure 
pulse  will  be  of  short  duration  if  the  mass  of  the  piston  is 
relatively  small,  if  the  cavity  volume  is  small,  and  if  the 
friction  between  the  piston  and  the  cylinder  is  negligible. 

In  additional,  the  leakage  around  the  piston  must  be 
minimized  to  create  a  rapid  pressure  rise  in  the  cavity. 

Overall  views  of  the  prototype  Impulse  Calibration  Unit 
are  shown  in  Figures  1  and  2.  Detailed  drawings  of  the  final 
design  of  the  prototype  Impulse  Calibration  Unit  are  included 
in  Appendix  A.  The  design  consists  of  a  small  cylindrical 
metal  cavity  into  one  end  of  which  is  suspended  a  closely- 
fitting  piston.  The  opposite  end  of  the  cylinder  is  closed 
by  a  plate  onto  which  the  microphones  are  flush  mounted  so 
that  their  diaphragms  experience  the  pressure  in  the  cavity. 
Attached  to  the  center  of  the  piston  on  the  side  opposite  the 
cavity  (the  top  side  in  the  photographs.  Figures  1  and  2)  is 
a  hardened  steel  button.  An  impact  is  Imparted  to  the  piston 
by  striking  the  button  with  a  small  modal  hammer,  or  by 
dropping  a  small  steel  ball  onto  the  button  from  a  height  of 
a  few  Inches.  The  change  in  cavity  volume  that  occurs  when 
the  piston  slightly  moves  under  impact  causes  a  rapid  rise  in 
cavity  pressure.  This  rapid  rise  in  cavity  pressure  is  the 
pressure  impulse  seen  simultaneously  by  both  microphones. 

A  vacuum  chuck  whose  height  is  adjustable  from  about  1-inch 
up  to  about  15-inches  is  located  above  the  piston.  The 
vacuum  chuck  may  be  used  to  hold  and  then  drop  a  steel  ball 
onto  the  impact  button.  The  vacuum  chuck  can  be  seen  in 
Figure  1  attached  to  the  vertical  rail  above  the  cylinder 
assembly . 

The  Impulse  Calibration  Unit  was  designed  to  have  the 
smallest  possible  cylinder  diameter,  to  have  a  very  small 
piston  mass,  and  to  have  a  very  small  cavity  volume.  The 
resulting  cyl inder /piston  assembly  is  shown  in  the 
photograph.  Figure  3,  and  in  Drawing  103263  and  103264.  In 
the  photograph  the  cylinder  is  shown  on  the  left;  the  piston 
is  in  the  center;  and  a  disk  spring,  which  suspends  the 
piston  in  the  cylinder,  is  shown  on  the  right.  The  piston 
diameter  is  1.3-inches,  which  was  felt  to  be  the  minimum 
practical  diameter  consistent  with  the  requirement  to  be  able 
to  mount  both  a  reference  microphone  and  a  test  microphone 
within  the  diameter  of  the  cavity.  The  piston  mass  was 
further  minimized  by  machining  it  out  of  magnesium  alloy 
using  EDM  (electrical  discharge  machining)  techniques  to 
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FIGURE  1 

OVERALL  VIEW  OF  THE  PROTOTYPE 
IMPULSE  CALIBRATION  UNIT 


PIGURE  2 

CLOSE-UP  OF  THE  IMPULSE  CALIBRATION 
UNIT  CYLINDER  ASSEMBLY 
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carefully  reaove  the  Material  between  the  webs  of  the  piston, 
without  distorting  the  piston.  The  resulting  piston  shown  in 
the  photograph  has  a  weight  of  approximately  5  grass  or  0.011 
lbs . 

To  minimize  the  friction  between  the  cylinder  walls  and  the 
piston  and  to  minimize  leakage  past  the  piston,  the  piston 
O.D.  and  the  cylinder  bore  were  machined  to  very  close 
tolerances.  The  air  gap  between  the  piston  O.D.  and  the 
cylinder  bore  is  nominally  0 . 0005-inches ,  and  in  no  case 
greater  than  0.0008-inches.  Early  in  the  project  the  piston 
was  kept  centered  in  the  cylinder  by  an  air  bearing.  Later 
it  was  discovered  that  a  thin  film  of  synthetic  lubricant 
( Convalube-C )  performed  the  same  function;  plus  the  lubricant 
had  the  side  benefit  of  slightly  damping  the  piston,  which 
reduced  high  frequency  vibrations. 

The  Prototype  Impulse  Calibration  Unit  will  generate  a 
pressure  pulse  in  excess  of  170  dB  SPL  when  the  piston  is 
struck  with  a  peak  impact  force  of  only  a  few  pounds.  Using 
a  small  modal  hammer  (PCB  086C80)  or  a  1/4"  steel  ball  as  the 
impact  source,  the  duration  of  the  pressure  pulse  is 
approximately  150  microseconds.  Although  the  repeatability 
of  the  pressure  pulse  for  a  given  impact  force  is  quite  good, 
the  transfer  function  of  the  cyl inder/piston  assembly  was 
found  to  vary  as  a  function  of  impact  force.  It  was  for  this 
reason  that  the  reference  microphone  is  included  as  a 
standard  against  which  the  unknown  microphone  is  calibrated. 


4.2  Instrumentation 

Figure  4  is  a  general  Block  Diagram  of  the  instrumentation 
configuration  used  during  the  development  program.  The 
prototype  system  was  instrumented  with  a  force  transducer, 
which  was  an  integral  part  of  the  modal  hammer;  and  an 
accelerometer,  which  was  mounted  within  and  along  the  axis  of 
the  piston.  Both  the  force  transducer  and  the  accelerometer 
were  qua.tz  piezoelectric  types  with  an  integral  unity-gain 
amplifier.  A  PCB  Model  086C80  Modal  Hammer  with  built-in  ICP 
force  sensor  provided  the  force  signal,  while  the 
accelerometer  was  a  PCB  Type  309A.  The  309A  accelerometer 
was  small  enough  to  mount  within  the  piston,  and  added  only 
one  gram  to  the  piston  weight.  The  signal  from  each 
transducer  was  conditioned  by  a  PCB  Type  480D06  Power  Unit, 
which  provided  bias  current  to  the  transducer  and  a  low 
impedance  output  for  monitoring. 

When  the  modal  hammer  was  used  as  the  impact  source  for 
Impact  testing,  the  force  transducer  signal  was  sometimes 
recorded  along  with  the  microphone  output  data.  The  recorded 
force  data  were  then  used  to  determine  the  spectral  content 
of  the  Impulse,  or  as  the  input  for  analysis  of  the  piston 
transfer  function.  Generally  when  the  force  data  were  being 
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FIGURE  4 

BLOCK  DIAGRAM  OF  IMPULSE 
CALIBRATION  SYSTEM  INSTRUMENTATION 


recorded,  the  force  signal  output  was  input  to  the  A/D 
Converter  in  place  of  one  of  the  microphones.  Also,  the 
force  signal  was  used  as  the  external  trigger  to  initiate  the 
acquisition  of  microphone  signal  data  during  an  Impact  with 
the  modal  hammer,  as  shown  in  Figure  4. 

The  accelerometer  signal  was  monitored  during  some  test 
impacts  to  provide  data  for  analysis  of  piston  motion. 

The  two  microphone  channels  included  identical 
instrumentation  amplifiers  having  selectable  gain  and 
bandwidth.  The  gain  of  each  amplifier  was  generally  set  to  a 
value  which  resulted  in  a  peak  signal  level  of  1  to  10  volts 
at  the  input  to  the  A/D  converter.  This  permitted  maximum 
utilization  of  the  12-bit  dynamic  range  of  the  A/D  converter 
while  using  a  +/-10  volt  full  scale  range.  The  amplifier 
bandwidth  was  set  to  10  kHz  for  most  of  the  testing. 

The  amplified  microphone  signals  were  normally  applied  to  two 
input  channels  of  the  Analog  Devices  RTI-860  Analog-to- 
Digital  Converter.  The  RTI-860  provides  a  conversion  thruput 
in  excess  of  200,000  per  second,  allowing  each  microphone 
signal  to  be  sampled  and  digitized  at  a  rate  of  100,000 
samples  per  second.  The  sample  interval  was  set  to  0.001 
seconds,  which  resulted  in  100  data  samples  per  channel.  The 
resolution  of  the  A/D  converter  was  12-bits  or  one  part  in 
4096.  After  the  microphone  data  was  acquired  for  each  test 
impact,  the  data  was  written  to  a  computer  disk  file  to  be 
retained  for  further  analysis.  The  data  acquisition  process 
was  controlled  from  within  the  SNAPSHOT  software  package. 

The  SNAPSHOT  software  was  used  to  set  up  and  control  the  data 
acquisition  process  for  all  of  the  prototype  Impulse 
Calibration  Unit  testing. 


4.3  Mathematical  Analysis  and  Verification 
4.3.1  Transfer  Function  Analysis 

Figure  5  is  a  frequency  domain  diagram  of  the  Impulse 
Calibration  Unit  corresponding  to  the  Block  Diagram  of  Figure 
4.  This  frequency  domain  diagram  will  be  used  in  the 
following  analysis.  A  pressure  impulse  is  generated  by  the 
impact  of  the  hammer  or  the  falling  ball  on  the  piston.  The 
pressure  impulse  I(w)  is  simultaneously  applied  to  both  the 
ref erence ( " ref . " )  microphone  and  the  microphone  to  be 
ca 1 i brated (" unknown"  microphone).  The  reference  channel  of 
the  system  includes  the  reference  microphone  having  a 
response  function  H„(w)  and  an  amplifier/low  pass  filter 
having  a  response  function  KR(w).  The  unknown  channel  of  the 
system  includes  the  unknown  microphone  having  the  response 
function  H0(w)  to  be  determined,  and  an  amp  1 i f i er / 1 ow  pass 
filter  having  a  response  function  K0(w).  Now,  if  the 
transforms  of  the  output  functions  from  the  reference  and  the 
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unknown  channels  respectively  are  0„(w)  and  0u(w),  the 
expressions  for  the  output  of  each  channel  are: 

0«<w)  =  I<w)*H,t(w)*KI,(w)  (1) 

0„(w)*I  (w)*H„(w)*Ku(w)  (2) 

These  expressions  can  be  solved  for  the  unknown  Microphone 
response,  which  results  in  expression  (3). 

Hu(w)=Kw(W)*Hw(w)  -  0„(»>)  (3) 

Ku ( w )  0„(w) 

The  first  terw  in  this  expression  consists  of  fixed 
quantities  which  are  either  known  or  can  be  accurately 
Measured.  The  second  terM  consists  of  the  output  of  the 
unknown  and  reference  Microphones  in  response  to  the  pressure 
iMpulse.  Therefore,  if  the  frequency  response  of  the 
anplifiers  and  the  reference  Microphone  are  known,  one  can 
calculate  the  transforws  of  the  output  signals  froM  the  two 
Microphones.  Then  the  response  of  the  unknown  Microphone  can 
be  calculated  using  Equation  3.  Note  that  all  quantities  are 
conplex;  that  is,  they  involve  both  aMplitude  and  phase. 

The  analysis  described  above  could  be  perforMed  by  a 
coMMercially  available  two  channel  signal  analyzer.  However, 
since  one  of  the  objectives  of  this  prograa  was  to  develop  an 
inexpensive  instruaent  for  field  use,  the  approach  taken  was 
to  use  a  personal  coaputer  to  acquire,  digitize,  and  store 
the  Microphone  signals;  and  then  to  operate  upon  the  recorded 
signal  data  with  Past  Fourier  Transfora  techniques  utilizing 
a  coaaercially  available  signal  analysis  software  package. 

For  the  purposes  of  this  investigation,  the  FFT  operations 
were  inpleaented  with  the  coaaercially  available  DADiSP 
signal  analysis  software  package.  However,  a  practical  field 
instruaent  would  require  software  written  especially  for  the 
appl 1  cation . 

The  successful  application  of  the  iMpulse  calibration 
technique  requires  that  the  frequency  response  of  the 
reference  Microphone  be  accurately  known,  be  relatively  flat, 
and  be  repeatable  throughout  the  frequency  range  of  interest. 
Also,  the  pressure  Inpulse  input  to  the  Microphones  Must  have 
a  relatively  high  energy  content  throughout  the  frequency 
range  of  interest.  Note  however  that  the  inpulse  transforn 
does  not  appear  in  expression  (3),  which  Means  that  the 
inpulse  does  not  have  to  be  perfect  nor  does  it  have  to  be 
exactly  repeatable  fron  test  to  test. 

A  typical  pressure  inpulse  generated  by  the  prototype 
calibration  unit  in  its  final  forn  is  shown  in  Figure  6.  The 
frequency  spectrua  of  this  inpulse  is  shown  in  Figure  7.  It 

will  be  noted  that  the  spectrun  of  the  pressure  pulse  falls 
off  rapidly  below  500  Hz.  and  above  4  kHz. 
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FIG. 6.  TYPICAL  PRESSURE  PULSE 
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FIG. 7.  FREQ.  SPECTRUM  OF  FIG. 
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4.3.2  Noise  Considerations 

The  effects  of  randoa  noise  contained  in  the  Microphone 
output  signals  can  soaetiaes  be  reduced  by  applying  a  window 
function  to  the  tiae  doaain  signal  before  taking  the 
frequency  transfora;  and/or  by  averaging  the  response 
functions  resulting  froa  Multiple  iapacts.  A  nuaber  of 
different  window  functions  have  been  suggested  in  the 
literature.  However,  for  single  event  iapulse-type  analysis, 
a  window  such  as  the  unity-plus -cosine  taper  shown  in  Figure 
8  or  the  exponential  taper  shown  in  Figure  9  are  recoaaended. 
Soae  of  the  calibration  test  results  reported  in  Section  5.5 
were  obtained  using  the  unity-plus-cosine  window  (with  the 
cosine  taper  beginning  600  aicroseconds  into  the  aeasureaent 
interval).  This  window  has  been  found  to  be  preferable  to 
other  window  functions  in  this  application. 

4.3.3  Saapling  Considerations 

The  Microphone  output  signals  are  conditioned  and/or 
aaplified  when  necessary,  low-pass  filtered,  and  converted  to 
digital  fora  for  coaputer  processing  by  using  a  clocked 
analog  to  digital  converter  (ADC).  The  signal  conditioner 
and/or  aaplifier  generally  provides  transducer  biasing,  if 
required,  and  aapl i f 1  cat i on  of  the  Microphone  signal.  The  A/D 
conversion  is  a  saapling  process  which  Introduces  the  need  to 
define  and  control  several  additional  variables;  l.e.  signal 
bandwidth,  saapling  rate,  and  saaple  interval. 

The  signal  data  froa  each  Microphone  was  bandliaited  to 
prevent  "aliasing"  during  the  A/D  conversion  process. 

Aliasing  results  in. the  folding  of  higher  frequency  energy 
into  the  frequency  band  of  interest.  Aliasing  is  prevented 
by  Halting  the  signal  bandwidth  before  the  A/D  conversion 
process  to  less  than  half  the  signal  saapling  frequency. 

The  Microphone  signal  bandwidth  of  interest  for  calibration 
purposes  is  5000  Hz.  Based  on  the  Nyquist  criteria  a 
saapling  rate  of  at  least  10,000  saaples  per  second  is 
required.  However  to  insure  coaputational  accuracy  all  of 
the  investigations  associated  with  this  project  have  utilized 
saapling  rates  of  50,000  to  100,000  saaples  per  second  on 
each  data  channel.  The  iapulse  signal  froa  the  Microphones 
generally  has  a  duration  of  150  to  200  aicroseconds.  A 
saaple  Interval  of  1.0  Millisecond  was  used  for  acquiring  the 
signal  data.  With  a  saapling  rate  of  100,000  saaples  per 
second  and  a  saaple  interval  of  1.0  Millisecond,  101  saaples 
of  data  were  acquired  froa  the  reference  channel  and  froa  the 
unknown  Microphone  channel  during  each  iapact  event. 
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FIG. 8.  EXAMPLE  OF  COS  WINDOW 
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FIG. 9.  EXAMPLE  OF  EXPONENTIAL  WINDOW 
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The  frequency  resolution  of  the  FFT  calculation  is  equal  to 
the  Inverse  of  the  record  length  (saaple  interval).  It  is 
also  desirable  for  the  record  to  contain  a  nuaber  of  saaples 
which  1 8  a  power  of  two.  Therefore  zeros  were  added  to  the 
data  records  to  Bake  256  or  512  data  points,  or  the 
equivalent  of  a  2.56  or  5.12  Billisecond  record,  resulting  in 
a  frequency  resolution  of  390  Hz  or  195  Hz  respectively. 

4.3.4  Peak  Pressure  Analysis 

The  pressure  rise  within  the  cylinder  cavity  resulting  froa 
an  iapact  can  be  calculated  by  considering  the  change  in 
voluae  which  occurs  when  the  piston  is  struck.  The  change  in 
cavity  voluae  is  directly  related  to  the  displaceaent  of  the 
piston,  as  shown  by  expression  (4). 

V„«V,  -( _ S _ ]*  V,  (4) 

0.0085 

where  V ,  is  the  final  cavity  voluae, 

V,  is  the  Initial  cavity  voluae  (which  is  fixed), 

S  i 8  the  piston  displaceaent  after  iapact,  and 

the  constant  0.0085  is  the  Initial  cavity  gap  in 
inches . 

If  it  is  assuaed  that  the  teaperature  of  the  air  in  the 
cavity  does  not  change  during  an  iapact,  then  the  pressure 
change  in  the  cavity  resulting  froa  a  piston  displaceaent  S 
will  be: 


P  -  Pi  *  ( _ S _ ]  (5) 

0.0085 

where  Px  is  the  initial  pressure  in  the  cavity  (aabient 
pressure ) . 

During  the  prograa,  it  was  desired  to  verify  that  the 
pressure  in  the  cavity  behaved  in  accordance  with  Equation 
(5).  Since  it  was  iapractical  to  aeasure  the  piston 
displaceaent  directly,  the  displaceaent  was  calculated  by 
perforalng  a  double  integration  of  the  acceleroaeter  signal. 
The  resulting  piston  displaceaent  value  was  then  used  in 
Equation  (5)  to  calculate  a  peak  cavity  pressure,  which  was 
directly  coapared  to  the  cavity  pressure  aeasured  by  the 
reference  aicrophone.  It  was  found  that  the  two  values 
tracked  in  a  predictable  Banner,  with  the  aeasured  peak 
pressure  generally  20*  lower  than  the  calculated  peak 
pressure.  This  difference  is  aost  likely  due  to  inaccuracy 
in  the  aethod  used  to  calculate  the  piston  displaceaent, 
since  a  saall  error  or  bias  in  the  acceleration  signal  causes 
a  significant  error  in  the  calculated  displaceaent. 
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4.4  General  Test  Procedure 


In  the  general  case,  both  a  reference  and  an  unknown 
Microphone  were  included  in  the  prototype  Impulse  Calibration 
Unit.  The  procedure  used  to  acquire  and  analyze  test  data 
froa  the  Prototype  Impulse  Calibration  System  is  indicated  by 
the  Plow  Chart.  Figure  10.  The  acquisition,  display,  and 
storage  of  microphone  signal  data  resulting  from  a  test 
impact  to  the  piston  was  controlled  by  the  SNAPSHOT^’ 
software  package  running  on  an  PC/AT-compatible  personal 
computer.  The  acquired  data  was  then  imported  into  the 
DADiSP<a*  software  environment  for  analysis.  The  DADiSP 
software  provides  the  capability  of  applying  mathematical 
functions  to  the  microphone  signals  for  all  of  the  required 
operations  including  windowing,  scaling,  FPT,  and  complex 
operations.  In  general,  the  operations  listed  in  the  Plow 
Chart.  Figure  10  were  performed  on  each  dataset.  The  test 
results  consist  of  frequency  and  phase  data,  which  is 
available  either  as  a  table  of  complex  values  or  as  hard  copy 
plots.  During  the  development  program,  certain  of  the 
analysis  parameters  were  varied  to  arrive  at  the  optimum 
choice;  for  example,  the  best  choice  of  window  function. 

The  general  test  procedure  used  during  the  development 
program  utilized  standard  software  packages  because  of  their 
flexibility  and  low  cost.  To  save  tine  and  reduce  the  amount 
of  user  interaction  required  during  development,  command 
files  were  written  to  automate  the  repetitive  analysis 
functions.  The  same  functionality  could  be  programed  into  an 
appropriately  equipped,  portable  PC  for  field  use;  wherein 
the  test  procedure  would  be  programed  specifically  for  the 
impulse  calibration  system  and  would  execute  automatically. 


FIGURE  10 

FLOW  CHART  OF  GENERAL  TEST  PROCEDURE 
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5 . 0  Test  Results 


A  considerable  quantity  of  empirical  test  data  was  acquired 
from  the  Prototype  Impulse  Calibration  Unit  during  the  course 
of  this  contract.  Generally,  the  test  data  was  acquired 
using  the  instrumentation  and  procedures  described  in  the 
preceding  sections.  The  test  data  was  then  analyzed 
to  determine  if  the  unit  was  meeting  certain  design  goals, 
and  if  not.  then  changes  were  implemented  and  the  unit 
retested.  This  process  was  repeated  many  times  during  the 
program  as  the  design  of  the  unit  evolved  to  its  current 
state. 

The  data  presented  in  this  section  consists  of  representative 
test  results  in  the  form  of  data  plots  from  various  stages  of 
the  program,  along  with  an  analysis  of  the  results.  The  test 
conditions  under  which  the  data  was  acquired  are  listed  with 
each  group  of  data.  Each  grouping  of  test  data  plots  is 
identified  by  an  eight -digit  dataset  number,  which  also 
appears  in  the  title  of  the  section  where  the  test  results 
are  discussed.  The  sequence  of  the  data  presented 
corresponds  to  the  chronology  of  the  effort  on  the  project. 

5.1  Analysis  of  Datasets  06200957 

TEST  CONDITIONS 

Impact  Source:  Modal  Hammer  with  steel  tip 
Data  Acquired:  Force  and  Pressure 
Transducers:  Force  sensor  in  Modal  Hammer 

Pressure  sensor  was  standard  microphone 
( PCB  Model  112A22) 

Signal  Conditioning: 

Force  Sensor-PCB  480D06  »  XI  Gain  (1.11 
lbs/volt ) 

Pressure  Sensor-PCB  480D06  §  X10  Gain  (0.87 
PSI /volt) 

Bandwidth ( both  channels):  25  kHz. 

Data  Sampling  Rate:  100.000  samples/sec/channel 
Sampling  Interval:  0.001  Secs. 

ANALYSIS  NOTES 

Transfer  Function  =  Magnitude  *  FFT(Pressure  Signal) 

FFT(Force  Signal) 

Before  computing  the  Transfer  Function,  zeros  were  added 
to  the  signal  samples  for  each  channel  to  give  512 
samples,  which  results  in  a  frequency  resolution  of 
195  Hz. 

DISCUSSION 

The  plots  for  Dataset  06200957  were  generated  from  data  taken 
with  the  original  piston  design,  in  which  a  full  size  piston 
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is  suspended  by  air  jets.  The  cavity  volume,  however,  was 
reduced  to  80%  of  the  original  volume  by  the  insertion  of  a 
spacer  into  the  piston  cavity  to  make  the  cavity  volume 
smal 1 er . 

The  relatively  broad  pressure  pulse  resulted  in  a  pressure 
spectrum  having  little  energy  above  3  kHz.  Therefore,  one  of 
the  primary  efforts  in  the  early  stages  of  the  project  was  to 
improve  upon  the  high  frequency  energy  content  of  the 
pressure  pulse. 

PLOTS  FOR  DATASET  06200957 


1 . 

IMPACT  FORCE 

2  . 

PRESSURE 

PULSE 

3  . 

PRESSURE 

SPECTRUM 

4  . 

TRANSFER 

FUNCTION 

21  - 


o 

•*r 


o 

to 


o 

CM 


•s8>3oaod  lavdwr 


o 


-22- 


-10 


plot  3  PRESSURE  SPECTRUM-DATASET  06200957 


FREQUENCY-KHZ. 


5.2  Analysis  of  Datasets  09130923 
TEST  CONDITIONS 

Impact  Source:  Modal  Haaaer  with  steel  tip. 

Data  Acquired:  Force  and  Pressure. 

Transducers:  Force  sensor  in  Modal  Haaiaier. 

Pressure  sensor  was  standard  microphone 
( PCB  Model  112A22) . 

Signal  Conditioning: 

Force  Sensor-PCB  480D06  •  XI  Gain  (1.11 
lbs/volt )  . 

Pressure  Sensor-PCB  480D06  t  X10  Gain  (0.87 
PSI/volt ) . 

Bandwidth ( both  channels):  25  kHz. 

Data  Sampling  Rate:  66,667  saaipl es / sec /channe  1  . 

Sampling  Interval:  0.001  Secs. 

ANALYSIS  NOTES 

Saaic  as  Dataset  06200957. 

DISCUSSION 

The  data  for  these  plots  was  taken  after  the  piston  was 
modified  to  have  a  height  and  mass  of  approximately  half  that 
of  the  previous  section.  Also,  the  piston  was  suspended  by  a 
stiff  disc  spring  rather  than  the  air  jets.  Note  the 
oscillatory  nature  of  the  Pressure  signal  shown  in  the  second 
plot  of  this  dataset  and  the  shorter  duration  of  the  first 
pulse  of  the  Pressure  signal.  The  smaller  piston  mass 
allowed  the  piston  to  move  more  rapidly  and  to  generate  a 
pressure  pulse  having  a  faster  rise  time.  However,  the 
oscillatory  nature  of  the  pressure  response  (and  the 
resultant  spectral  peak  at  about  3400  Hz.),  is  undesirable  in 
an  instrument  to  be  used  for  calibration  over  a  broad 
frequency  range. 

PLOTS  FOR  DATASET  09130923 

1 .  IMPACT  FORCE 

2.  PRESSURE  PULSE 

3.  PRESSURE  SPECTRUM 

4.  TRANSFER  FUNCTION 
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plot  4  TRANSFER  FUNCTION-DATASET  09130923 
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5.3  Analysis  of  Datasets  09141425 
TEST  CONDITIONS 

lapact  Source:  Modal  Haaaer  with  steel  tip  a-*  0.006- 
4  inch  polyester  pad  on  the  iapaci  point. 

Data  Acquired:  Force.  Piston  Acceleration,  and  Pressure. 
Transducers:  Force  sensor  in  Modal  Haaaer. 

Acceleroaeter  aounted  in  piston  along 
center  axls(PCB  Model  309A) . 

Pressure  sensor  was  standard  aicrophone 
(PCR  Model  1 12A22)  . 

Signal  Conditioning: 

Force-PCB  480D06  »  XI  Gain  (1.11  lbs/volt) 
Acceleration-PCB  480D06  «  XI  Gain  (194.6 
G 1 s / vo 1 t 

Pressure-PCB  480D06  0  X10  Gain  (0.87 
PSI/volt ) 

Bandwidth ( both  channels):  25  kHz. 

Data  Saapling  Rate:  66,667  saaples/sec/channel  . 

Saapling  Interval:  0.001  Secs. 


ANALYSIS  NOTES 


Transfer  Function  H(w)  =  S„ ( w ) 

S,(w) 


where  S*.  ( w )  and  S,(w)  are  the  Fourier  Transforas  of 
the  Pressure  and  Force  signals. 

Before  taking  the  transforas.  any  DC  offset  existing  at 
the  start  of  the  saapling  interval  was  subtracted  froa 
the  force  signal.  A  cosine  taper  window  was  applied  to 
each  signal,  starting  after  the  trailing  edge  of  the 
aain  signal  pulse.  Then,  zeros  were  added  to  create  a 
512  point  dataset. 

DISCUSSION 

A  0.006-inch  polyester  layer  was  added  to  the  lapact  button. 
Additionally,  an  oil  flla  was  introduced  as  a  lubricant 
between  the  piston  and  cylinder  walls.  The  lubricant  was 
Convalube-C,  a  non-corrosive  foraulated  phthalate  ester 
coapound  which  also  acted  to  daap  the  piston  aoveaent. 

it.  should  be  noted  that  the  oscillations  oh  the  Pressure 
signal  are  auch  reduced  when  coapared  to  the  previous 
dataset.  Although  the  lapact  force  signal  is  of  longer 
duration  than  the  previous  two  dataset  exaaples  (as  a  result 
of  the  polyester  layers  on  the  lapact  button),  the  resulting 
pressure  pulse  duration  is  only  about  150  ai croseconds .  It 
should  also  be  noted  that  the  pressure  pulse  energy  is 
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relatively  uniformly  distributed  up  to  about  4  kHz.  Thus,  at 
this  point  in  the  project  it  was  felt  that  the 
characteristics  of  the  pressure  pulse  generated  by  an  iapact 
on  the  piston  were  acceptable,  and  in  fact  were  the  best  that 
had  been  observed  up  to  this  point  in  the  project. 

The  additional  plots  in  this  section  are  of  the  transfer 
function  of  the  microphone  output  and  the  force  iapact.  The 
microphone  used  here  was  a  high  frequency  piezoelectric  type 
known  to  have  a  flat  frequency  response  to  beyond  10  kHz.(PCB 
Model  112A22).  The  priaary  observation  to  be  Bade  from  these 
plots  is  that  a  well-behaved  transfer  function  resulted  from 
this  test. 

PLOTS  FOR  DATASET  09141425 

1 .  IMPACT  FORCE 

2.  PRESSURE  PULSE 

3.  PRESSURE  SPECTRUM 

4.  TRANSFER  FUNCTION 

5.  TRANSFER  FUNCTION(dB) 
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plot  2  PRESSURE  PULSE-DATASET  09141425 
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5.4  Analysis  of  Datasets  09141422 ...  09141426 


TEST  CONDITIONS 

Saae  as  for  Dataset  09141425.  Section  5.3 
ANALYSIS  NOTES 

Individual  Transfer  Punctlons  were  computed  using  the 
following  expression: 

H  ( w  )  =  GBt_(w) 

Gf«(w) 

where  Gp((w)  =  Sp(w)*S*”(w)  is  the  Cross  Power  Spectrua 
of  the  pressure  and  force  signals,  which  is  obtained  by 
aultiplying  the  transfora  of  the  pressure  signal  by  the 
coaplex  conjugate  of  the  transfora  of  the  force  signal; 
and  Gtf |w)  =  S,(w)*Sf*(w)  . 

This  expression  for  II  (w)  gives  results  siailar  to  the 
expression  for  H(w)  in  Section  5.3  but  offers  the  potential 
for  reduction  of  the  effects  of  randoa  noise  if  the 
transforas  of  several  datasets  are  averaged,  i.e. 

H ( w )  =  Gp,TwT/G,*7w7 

Also,  the  Cross  Power  Spectrua  was  used  to  coapute  the 
Coherence  Function  shown  in  the  last  plot  of  this  section. 

Coherence  Function  =  G„r  ( w  )  *G«.„  ( w  ) 

Gff (»l *GPP ( w ) 

where  each  tera  is  the  RMS  average  of  several 
observations.  The  data  shown  is  the  Coherence 
Function  which  resulted  froa  the  averaging  of 
5  Datasets . 


DISCUSSION 

The  first  plot  in  this  section  shows  the  aagnitude  of  the 
transfer  function  of  five  independent  iapacts  of  siailar  peak 
force.  The  second  plot  shows  the  aagnitude  of  the  transfer 
function  for  three  independent  iapacts  of  5  lbs.,  10  lbs., 
and  15  lbs.  peak  force. 

As  can  be  seen  froa  the  transfer  function  plots  at  the  3 
iapact  levels,  there  is  approxiaately  a  5  dB  spread  in  the 
aagnitude  of  the  transfer  functions  at  soae  aid  frequencies. 
It  was  for  this  reason  that  the  decision  was  aade  to  add  a 
reference  aicrophone  to  the  fixture. 
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PLOTS  FOR  DATASETS  09 1 4  1 4 23 .  .  . 09 1 4 1 4 26 


1.  TRANSFER  FUNCTIONS  RESULTING  FROM  5  SIMILAR  IMPACTS 

2.  TRANSFER  FUNCTIONS  RESULTING  FROM  3  DIFFERENT  IMPACTS 

3.  COHERENCE  FUNCTION  (FROM  AVERAGE  OF  5  SIMILAR 
IMPACTS  ) 
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PLOT  1  TRNSFR  FNCTNS  FOR  5  SIMILAR  IMPACTS 
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plot  2  TRNSFR  FNCTNS  OF  3  DIFFERENT  IMPACTS 
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5.5  Microphone  Calibration  Test  Data 

These  test  results  illustrate  the  perforaance  of  the 
Prototype  lapulse  Calibration  Unit  configured  in  its  filial 
fora  as  a  prototype  aicrophone  calibration  device.  In  all 
cases,  two  aicrophones  are  used.  One  aicrophone,  whose 
characteristics  were  assuaed  to  be  known,  was  considered  the 
"Reference"  aicrophone.  A  second  aicrophone  was  considered 
to  be  the  aicrophone  under  test  or  the  "Unknown"  aicrophone. 

A  test  iapact  was  generated  with  the  Modal  Iiaaaer  generally 
at  a  level  sufficient  to  produce  a  peak  pressure  of  between 
0.1  and  1.0  PSI  within  the  cavity.  Beginning  at  the  tiae  of 
the  iapact  (as  deterained  by  using  the  force  transducer 
signal  as  a  trigger),  aicrophone  output  data  was  acquired  at 
100,000  saaples  per  second  per  channel  froa  both  aicrophones. 
Do  to  a  problea  with  the  Analog  Devices  RTI-860  board  in 
conjunction  with  the  SNAPSHOT  software,  it  was  not  possible 
to  use  the  siaultaneous  saap 1 e - and -ho  1 d  feature  of  the  board, 
so  there  is  a  5  aicrosecond  offset  between  saaples  taken  on 
the  Reference  and  the  Unknown  channels. 

The  aicrophone  output  signals  were  aaplified  and  bandliaited 
to  10  kHz.  by  solid  state  aaplifiers  having  a  fixed,  known 
gain  and  aeasured  response  characteristics.  For  lost  of  the 
testing,  identical  aaplifiers  were  used  for  both  the 
Reference  and  the  Unknown  aicrophone  channels.  This 
arrangeaent  corresponds  to  the  Frequency  Doaain  Diagraa  shown 
in  Figure  5  of  this  report.  In  general,  the  test  data  plots 
in  this  section  consist  of  transfer  function  and  phase  plots 
resulting  froa  the  solution  of  equation  (3)  using  the 
acquired  aicrophone  data.  Test  results  are  included  for 
several  different  "Unknown"  aicrophones,  several  different 
pressure  levels,  and  for  cases  where  a  "window  function"  has 
been  applied  to  the  tiae  doaain  signals  before  taking  the 
transforas. 

Each  plot  is  separately  discussed  below.  The  single-point 
sensitivity  value  for  the  "Unknown"  aicrophone.  which  was 
aeasured  independently  by  the  Air  Force  Flight  Dynaaics 
Laboratory  (FIBfi),  is  noted  as  a  dashed  line  on  the  plots. 

5.5.1  Analysis  of  Dataset  05020951 

COMMON  CONDITIONS 

Reference  Microphone:  PCB  Model  112A22 

Reference  Channel  Gain:  50.2  (fiat  to  within  1%  to 

beyond  6  kHz  .  )  . 

Reference  Microphone  Sensitivity  (aeasured  by  FIBG): 

118  av . /PSI  . 

Unknown  Microphone:  Gult.on  Type  MVA  2400.  1/4  inch, 

S/N  1011. 

Unknown  Channel  Gain:  100.6  (Noraalizcd  Frequency 

Response  Function  =  Gu(w)). 
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Unknown  Microphone  Sensitivity  (Measured  by  F1BG): 

150.7  mv . /PS1  . 

Transfer  Function  Equation: 

H»(wi  =  K, ( w) *Hr ( w)  *  0M(w) 

K u  ( w  )  Or  ( w ) 

Since  K^(w)  *  50.2,  Hr(w)  -  0.118,  and 
Ku ( w )  -  100 . 6*G„ ( w ) ,  then 

Hu  ( W  )  =  0.05888  *  0,.  (w) 

Gu(w)  ( w ) 

ApproxiMate  Peak  Pressure:  0.4  PSI. 

SPECIFIC  CONDITIONS  APPLICABLE  TO  ONLY  THE  LISTED  PLOT 
05020951-1 

A  COS  taper  window  was  applied  to  the  Reference  and  to 
the  Unknown  tiae  doaaln  signals  before  taking  the 
transf oras . 

05020951  2 

A  COS  taper  window  was  applied  to  the  Reference  and  to 
the  Unknown  tiae  domain  signals  before  taking  the 
transforas.  The  Mean  value  of  each  of  the  tiae  doaaln 
signals  over  the  saapling  interval  (DC  coaponent),  was 
subtracted  froa  each  sample  value  before  taking  the 
transf oras . 

05020951-3 

No  window  function  was  used.  The  aean  value  of  each  of 
the  tiae  doaain  signals  over  the  saapling  interval  (DC 
coaponent),  was  subtracted  froa  each  saaple  value  before 
taking  the  transforms. 

05020951-4 

Pour  independent  iapacts  at  siailar  peak  impact  levels 
are  overlayed  on  a  common  plot.  All  transfer  functions 
are  calculated  using  the  same  specific  conditions  as 
plot  05020951  -1 
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5.5.2  Analysis  of  Dataset  05021004 
COMMON  CONDITIONS 

Reference  Microphone:  PCB  Model  112A22 

Reference  Channel  Gain:  50.2  (flat  to  within  1%  to 

beyond  6  kHz  .  )  . 

Reference  Microphone  Sensitivity  (measured  by  FIBG): 

118  mv  . /PSI . 

Unknown  Microphone:  Gulton  Type  MVA  2400.  1/4  inch, 

S/N  1008. 

Unknown  Channel  Gain:  100.6  (Normalized  Frequency 

Response  Function  =  Gu(w)). 
Unknown  Microphone  Sensitivity  (measured  by  FIBG): 

117.9  mv . /PSI  . 

Transfer  Function  Equation: 

H„  ( w  )  =  K„  (  w  )  *H«.  ( w  )  *  0.,  (w) 

Ku(w)  0r  (w) 

Since  Kr(w)  =  50.2,  Hr(w)  =  0.118,  and 
Ku(w)  =  100 . 6*G„ ( w ) ,  then 

H„(w)  =  0.05888  *  0u(w) 

G„(w)  0^(w) 

Approximate  Peak  Pressure:  0.4  PSI. 

SPECIFIC  CONDITIONS  APPLICABLE  TO  ONLY  THE  LISTED  PLOT 
05021004-1 

Four  independent  impacts  at  similar  peak  impact  levels 
are  overlayed  on  a  common  plot.  The  Reference  and  the 
Unknown  time  domain  signals  have  been  modified  by  a  COS 
taper  window  before  taking  the  transforms. 
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5.5.3  Analysis  of  Datasets  050457 
COMMON  CONDITIONS 

Reference  Microphone:  Gulton  Type  MVA-2400.  1/4  inch, 

S/N  1011. 

Reference  Channel  Gain:  101.6  (normalized  frequency 

response  function  «  G r ( w ) ) . 
Reference  Microphone  Sensitivity  (measured  by  PIBG): 

150.7  iv. /PSI . 

Unknown  Microphone:  Gulton  Type  MVA-2100,  5/8  inch. 

S/N  1003. 

Unknown  Channel  Gain:  4.85  (Plat  to  within  1%  to 

beyond  6  kHz .  )  . 

Unknown  Microphone  Sensitivity  (measured  by  PIBG): 

1.916  vo  Its/PSI  . 

Transfer  Function  Equation: 

Hu(w)  «  K,(w)»H,(w)  *  0»(w) 

K„(w)  Or(») 

Since  Kr(w)  =  10l.6*Gr(w).  Hr(w)  =  .1507,  and 

Ku ( w )  =  4 . 85  ,  then 

Hu(w)  --  3.158  G  r  ( w )  *  Ou(w) 

Or  (  W  ) 

Approximate  Peak  Pressure:  one  impact  each  at  0.05,  0.1, 

0.2,  and  0.4  PSI . 

SPECIFIC  CONDITIONS  APPLICABLE  TO  ONLY  THE  LISTED  PLOT 
050457  -  1 

A  COS  taper  window  was  applied  to  the  Reference  and  to 
the  Unknown  time  domain  signals  before  taking  the 
transforms.  The  plot  shows  the  transfer  function 
magnitude  resulting  from  four  different  impact  levels. 

050457-2 

Same  as  050457-1  except  that  no  window  function  was 
used. 
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6.0  Conclusions 


Typical  calibration  results  achieved  with  the  Prototype 
Impulse  Calibration  Unit  are  illustrated  by  the  data  plots  in 
Section  5.5  of  this  report.  Only  a  few  representative 
datasets  are  included.  Considerably  more  data  was  acquired 
for  analysis  and  is  available  on  diskette  for  further 
analysts  at  any  time.  Datasets  05020951  4  and  05021004  1 
show  the  measured  response  functions  for  two  different 
"unknown"  microphones.  The  same  "reference"  microphone  was 
used  in  both  cases.  The  plots  show  that  the  Impulse 
Calibration  Unit  provided  a  response  function  whose  magnitude 
varied  approximately  + /-20*  around  the  expected  )  F I  BG 
calibration)  value,  over  the  frequency  range  of  about  500  Hz. 
to  about  4  kHz.  The  variance  was  greater  below  500  Hz.  and 
above  4  kHz.  These  plots  also  show  that  there  was  excellent 
repeatability  for  multiple  impacts  at  approximately  the  same 
impact  or  pressure  level. 

Datasets  050457-1  and  050457-2  were  generated  from  data 
acquired  from  a  different  combination  of  "reference"  and 
"unknown"  microphones  as  compared  to  those  discussed  in  the 
last  paragraph.  These  plots  show  the  correlation  of  the 
transfer  function  magnitude  among  data  from  four  different 
impact  levels.  Here  as  in  previous  cases,  the  measured 
response  function  magnitude  was  within  +  /-  20*  of  the 
expected  value  from  about  1  kHz.  to  4  kHz.  However,  the 
variance  was  less  than  10*  over  the  narrower  frequency  range 
from  about  1.5  kHZ.  to  3.5  kHz.  at  all  four  impact  levels. 
Within  this  mid-range  band,  the  variance  among  the  four 
impact  levels  was  small.  This  data  was  acquired  at  impact 
levels  which  resulted  in  peak  cavity  pressures  of  0.05,  0.1, 
0.2.  and  0.4  PSI . 

The  fact  that  acceptable  results  were  not  obtained  at  the  low 
and  high  frequency  ends  of  the  range  of  interest,  is  probably 
due  to  the  lower  energy  content  in  the  pressure  signal  at 
these  frequencies.  Considerable  effort  was  expended  during 
the  project  attempting  to  improve  the  distribution  of  energy 
throughout  the  frequency  range,  however,  these  efforts  were 
only  partially  successful. 

It  is  apparent  from  the  results  described  above  that  certain 
of  the  performance  goals  listed  in  Section  3  have  not  been 
achieved  with  the  final  design  of  the  Prototype  Impulse 
Calibration  Unit.  In  particular,  the  accuracy/repeatability 
specification  of  +/-0.5  dB  (or  ♦/-  6*)  was  not  achieved  over 
the  entire  frequency  range  of  interest,  which  was  10  Hz.  to  5 
kHz.  The  calibration  results  below  about  1.5  kHz.  and  above 
3.5  kHz.  are  seen  to  be  unpredictable;  however,  the  results 
in  the  mid -frequency  range  are  close  to  the  design  goal. 

Prom  this  it  can  be  concluded  that  a  calibration  device  based 
on  the  Prototype  Impulse  Calibration  Unit  concept  could  be 
built  which  would  have  a  high  probability  of  meeting  the 
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specified  performance  goals  over  a  restricted  frequency 
range.  A  portable  device  for  field  use  could  be  developed 
that  would  consist  of  a  small  impact  cy 1  i  nde r  /  p  i  s t on  on  which 
the  microphones  would  mount,  and  a  laptop  PC  with  a  signal 
processing  card  occupying  an  I/O  slot.  The  signal  processing 
card  would  include  two  channel  concurrent  sampling  at  100  kHz 
sampling  rate.  16-bit  conversion  resolution,  on-board  anti¬ 
aliasing  filters,  and  >90dB  signal  to  noise  ratio.  Also,  the 
board  would  also  perform  the  FFT  calculations  in  its  own  DSP 
chip.  A  commercial  board  is  currently  available  with  the 
required  functionality;  i.e.  the  DSP  56  card  by  Ariel 
Corp Highland  Park.  N.J. 

The  reliability  of  the  response  values  calculated  for  the 
"unknown"  microphones  is  dependent  upon  having  accurate 
sensitivity  and  response  data  for  the  "reference"  microphone. 
For  most  of  the  project,  a  PCB  Model  112A22  quartz 
piezoelectric  pressure  transducer  was  used  as  the  "reference" 
microphone.  This  device  was  supplied  by  the  manufacturer 
with  calibration  data  consisting  of  sensitivity  data  at  five 
pressure  levels  from  zero  to  5  PSI.  The  sensitivity  stated 
by  PCB  was  115.0  mV/psi.  FIBG  also  checked  this  sensor  and 
measured  a  sensitivity  of  118  mV/psi,  which  is  a  difference 
of  about  3*  from  the  manufacturers  data.  The  FIBG 
calibration  value  has  been  used  for  the  data  presented  in 
this  report.  PCB  does  not  supply  specific  frequency  response 
data  for  the  transducer,  other  than  to  state  that  over  the 
frequency  range  of  zero  to  10  kHz  it  has  a  "flat"  response. 
This  should  be  true  since  the  natural  frequency  of  the 
transducer  is  250  kHz.  which  is  well  above  the  frequencies  of 
interest.  The  point  to  be  made  is  that  the  frequency 
response  of  the  "reference"  transducer  was  assumed  to  be 
flat,  and  any  deviation  from  a  flat  response  is  reflected  in 
the  results  presented. 


« 
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APPENDIX  A 


Prototype  Impulse  Calibration  Unit  Drawings 


Drawing  No. 

Title 
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IMPULSE  CALIBRATION  UNIT (HALF  SIZE) 
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PISTON 

103264  (3  Sheets) 

CYLINDER 

103265 

COVER  PLATE 

103266 

SLEEVE 

103267 

PLATE 
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PLATE 
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SPACER 

103271 

ARM 
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CHUCK  BODY 

103273 

CHUCK  CORE 
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IMPACT  PLATE 
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TRANSDUCER  PLATE 

515SK286 

TRANSDUCER  PLATE 

A-l 


A-4 


_ I 


»ht!  of  3 


264S2 


INITIAL 


A-9 


JOt  1HS 


A- 1 1 


A-13 


A-17 


CLEAR  ANODIZE 


•H-ttiliifrK 


A-20 


J 


A-21 


A  I  INITIAL  RELEASE 


A-22 


INITIAL  RELEASE 


A-24 


DESCRIPTION  DATE  I  APPROVED 


A  I  INITIAL  RELEASE 


